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TEXT NOT REPRODUCIBLE

INVESTIGATION ON /ARNMA DIiSINFECTION WITH BETA-
PROPRIOLACTCII: ‘N AEROSOL FORM

(These investigations were corducted with the support of the
German Research Association.)

Zent. Biol., Aerosol Forschung
9;: 1960, pp 179-19% Ly K.-H. Husmann

From the Hygiene Instituve ol alnz Unlversity (Prof. Ir.
H. Kliewe, Director).

The effectiveness and applicepility of disinfection agents in aero-
sol form are limited not only by <thc rultiplicity of ways in which patho-
genic germs can be transmitted but &lso by the physical-chemical behavior
of the disinfecting vapors and seroscis (1, 7, 56). Disinfectants used in
the form of aerosols are therefore gererally used exclusively for area air
disinfection which, however consiituilcs a valuable measure supplementing
exposure prophylexis (1, 2, 3, 7, 2t&. 27, 3h-h0, Sk, 57, 58). Aerosols
used nowadays can give us a more or l=ss adequate disinfection of area
(room) air but unfortunately it cinnct achieve an adequat ~° infection
effect along surfaces /three-dineunsicral as against two-dimensional dis-
infection effecE7. Only formalin aerosol does not follow this rule because
both the air and objects and surfaces can vpe disinfected as a result of
the formaldehyde gas which is relrase: when formalin is atomized (8, 59).
This property is responsible for ..: -xtensive use fo formalin in the past
and in the present, that is, for »nurros2s of room spraying as part of a
thorough final disinfection of sick rooms in hospitals and elsewhere. Of
all of the other substances tested for their suitability in room or area
air disinfection (triethylene glycol, btrietiliylene glycol-containing pre-
parations, propylene glycol, preparations based on hexylresorcin, etc.)
none offered the aldvantages inhercnt in Tormalin, that 1s, good solubility
in water, easy volatility, relati> ‘srmlessness, and a good germ-killing
effect both in the air and along ..ur.aces. Tthylene oxide gas, which has
come into use recently and which 5 =>nployed primarily in other fields

(41, 42) is likewise unsuitable { - r2o; or aresa spraying for a number of
reasons (50). Final decontaminai. o u:sing “ormalin vapor or serosol is
today prevented by a number of we:is t.; reasons. The chief disadvantages

of the formalin method reside in ih: transportation of the equipment, in

the long period of time, that is, scv:iral hours, required to have the

agents take effect, and in the suisequent neutralization with ammonia

which agair takes time. .Final dicinl=ction with formalin vapor is considered
a necessary evil particularly because 0’ the overcrowding of hospitals and
the shortage of personnel. We thcerelore do not need to explain any further
why it is of the utmost importancc for us to discover more convenient methods
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for reliable room disinfection.

The discovery of the germ-<ii’i.rng eiTect of beta-propiolactone (BPL)
during the vapor phase by Hoffmar arc Warshowsky (31) might therefore possi
bly coustitute a valuable contrioution to disinfection and sterilization in
general and to room disinfection in particular.

Beta-propiolactone (C4H,0p) has the structural formula CHy—CH,
0 el = 03

in concentrated form it is a colorless stable liquid with the following phy-
sical properties: .

Specific weight 1.149
Boiling point 155° ¢

i Melting point -33.4°% ¢
Vapor pressure (25° C) 3.4 mn He
Water solubility (25° C) 37 Vol. %

In watery solutions BPL is unstable and very quickly is hydrolyzed
into nontoxic decomposition products; here the hydrolysis, measured in halfe
1ife periods, is a function of the temperature. In concentrated form, EPL
remains unchanged for several years i kept at a temperature of L” c; at
higher temperatures (for instance, 5+° C) it is polymerized within a few weeks.
It reacts quickly with hydroxyl-,amino-, carboxyl=, sulfhydryl-groups and
phenols. Inorganic salts, acids, and bases catalyze the polymerization of
the 1iquid BPL or form nev reaction products with it. Details on the chemi=
cal properties of BPL have been published by Gresham and associates, as well
as by Bartlett and associates (9, 10, 15-25). The virus-killing, bacteria-
killing, spore-killing, and fungicidal properties of BPL in watery solutions
(4, 14, 28, 29, 30, 32, 4348, 51, 52, 53, 55) make possible the successful
disinfection of plasma, transplant tissues, vaccines and other biological
material (Hartman, Kelly, Lo Grippo and associates)s A report on the anti-
microbial effectiveness of a german 3°L preparation in vitro was made else-
where (Husmann).

So far, BPL has been used for disinfection only in watery solutions;
Hoffman and Wareshowsky, however, were able to show == in experiments on germ
carriers to which adhered pathogenic staphylococei, respectively, spores of
Bacillus subtilis -~ that the sulstasce is more effective than formaldehyde
after aerolization and that it tazkes 2Sfect rmch more quickly and has less
harmful accompanying effects. Erploying similar experimental procedures,
Dawson and associates (11, 12) achieved corresponding results in VEE=, small-
pox, yellow fever, and psittacosis viruses and Rickettsia burneti.

In view of the importance of the prevention of the spread of micro-
organisms through the air ("airborne infection") I conducted the first ine
vestigation of the antimicrobial property of BPL in aerosol form on micro-
organisms in room air and I also tested its disinfectant effects along sur-

faces. .
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A. The investigation on tue ¢isinlectunt effect of BPL in room air
was conducted on the basis of a matho’ suggested by Albrecht (5) and reported
on elsewhere so that we need not ;0 ‘rto a detailed description here. I will
discuss only those points where I devizted Irom .this method. The disinfectant
effect of BPL aerosol was tested :2:ns5t artificial germ aerosols consisting
of staphylococci (micrococcus pyo;er.c-es var. albus) and Coliphagen-(T3). The
germ suspension (18 hours. with pliysiological NaCl solution in a ratio of 1310
diluted bouillon culture, respect:vely,its filtrate) and the disinfectant
(307 aqueous solution) (the beta-proriolactone was obtained from the Dr. The.
Schuchardt Company in Munich) werc ztomizod by means of the centrifugal ato-
mizer (8) and the quantity of the gerzs in the air was determined with the
help of the so-called modified Moulto: unit (6). In addition I determined the
mumber of germs in the air also accorcing to the sedimentation method using
settling plates. During the experiment the termperature changed very 1§ttle
and the relative humidity in the test room, which had a volume of 35 m”, was
kept relatively constant by means of a Defensor air mumidifier with hydrostat;
the fiuctuations were very small. The experiment took place in the following
manners:

‘ Minutes After Start of Experiment Measures Taken
0- 3 Atomization of germ suspension
\ 9 -12 Settling plate A
9 - 14 Moulton Unit A
after 15 Atonization of water (empty ex-
periment) respectively BPL Sol-
ution
29 - 32 Settling plate B
29 -« 34 ¥oulton unit B
Ly o 47 Settling place C
Ly o 4c Moulton unit C
59 - 62 Settling plate D
59 - 64 ¥oulton unit D
-7 Settling plate E
N - 79 Moulton unit D

A quantity of 0,5 ml of the washing liquid (sterile tap water) was -
concentrated and diluted in a rat'o of 1:10 and 1:100 -- inoculated in a
double deposit on nutrient agar piates and the germs (viruses) contained in
1 liter of air was calculated on iixe ctasis of the colonies which grew after
2k-hour incubation. Of the phage-coniaining washing liquid I also spread
0.1 mL together with 0.1 ml E.-coli-Zouillon in a similar manner on agar
plates on which the phage holes could be counted on the next day. To pievent
any possible bactericidal afteref’ecct of BPL in the washing water for the
germ determination equipment I adced 0.57 sodium thiosulfate in a parallel
experiment in order to deactivate thz ajpent. The evaluation of the experi-
ment however did not reveal any difference with rospect to the deposits not
involving NA-thiosulfate; this appears to have been caused by the extraordi-
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narily rapid hydrolysis of BPL in acucous solutions. This is why I did not
have to conduct any further expe:ircnts involving the addition of NA-thio-
sulfate.

B. To determine the disinfccting effect of BPL aerosol on surfaces,
I applied, to the top of a 6 X 6 cn. large unwaxed sterile linoleum plate,
using sterile swabs, suspensions oi 18-hour bouillon cultures of micrococcus
pyogenes var, albus, Micrococcus pyo~enes var., aureus (SG 511), Escherichia
coli, as well as a culture filtrate with coliphagen-.T3 and I exposed the in=
fected substances for 15, 30, 45, &0, and 120 minutes”to the action of a BPL

aerosol (0.5 mg pure substance/l air). Untreated controls remained in sterile

Petri dishes for the correspondinz periods of time until further use was made
of them., To control the disinfectarnt affect, I made moist swab skimmings of
the bacteria-infected treated arc untrcated surfaces, after the periods of
time mentioned earlier; I transfurres these skimmings to agar plates and tue

‘bules containing nuirisnt bouillon; these skimmings were then checked for

germ growth after 2h~hour incubaticr at a terperature of 37 C. The swab
skimmings of the surfaces infectcd with Tq-phages were spread on the agar
plates which were covered with 0.1 ml of a bouillon culture from the corres-
ponding E. = coli strain,.

Results and Discussjon

A. 1. In experiment groups il to IV and VI, VII (Table 1) I tested
the effect of PBL aerosols in varyin: agent concentrations for artificial
germ aerosols of staphylococci and coliphagens. During the pertinent empty
experiments, I atomized sterile iag wwater instead of the BPL solution. The
relative humidity in all experimcntis was rather constant and fluctuated only
very little around an average value of 705, respectively, 507 (experimental
group VII). Table 1 shows the dzta “or the series of experiments conducted
on the problem of room air disinfection, arranged by experimental groups I .
to VII; every group of experiments zonsists of flVG. spectlvely. two indi-
vidual experiments, The measurerient rcsults Na, N as well as
the computed survival rates (Q, Ger Q ghe nglntegration rates
(Kb, cr Kds Ke)** are shown 1n aolo %.

N[y c. d, o] - 100

*Qlbedd = W,

log Ny — log N v, ¢. 4 o]
4

..K[b.&d,d =3

The formation of the survival and disintegration ratios made it pos-
sible to compare the measurement data also when the initial values were not
identical. I did not evaluate or reproduce the germ numbers determined with
the help of the sedimentation meticd bdecause this method does not give us
comparable results and therefore doe: not seem suitable for a quantitative
determination. The average surv:val ratios from the empty experiments were
compared with those obtained in the disinfection experiments and the signi-
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ficance of their difference was :couaxi. Similarly, I compared two disinfecw
tior experiments, each time, wil: viiying ZPL concentration (Table 3). The
statistical analysis was perforr2¢ on the basis of equation (13)

S(x?) — xS(x) + S(x'*) — X'S(x’) c

s?x, x’~ == NTN—32 ommon dispersion of saniple_s),
stx, x’ s*x, x’ ‘
=g + N (Stanéarc reviation of mean value difference),
deviation  _ %—3 « The poriirent probability p was taken from the

probability table (13).

g vy -
.I, Y 1
ades titmi

. SERIES OF EXr_L.iLiTS CONRDUCTED
@ Azha ) (W) &) Temp.
Gruppe  Versuche Testkeim Mafinahme Feuchte Yo oc

1 5 St.albus  Verneblung von, sterilem Wasser  70% 5 2%F2
(Lcer(6) ‘ s min lang (7
versuche) ) .
I - St.albus  Verneblung von BPL (30%ig) 70F5 2F2

5 min lang (= ca. 0,44 mg
Reinwbstanz/l Luft)(s) :

m 5 St.albus  Vernciblung von BPL (30%ig) 70FS 2%2
1 min Jang (- ca. 521 mg
Reinwhstanz/l Luit) (9)

I 1 s St.albus  Vernchlung von BPL (30%ig) 705 22F2
1S sec lang (== ca. 0,11 mg
Reinsubstanz/i L\lf!)(lo)

v ( ) 2 Coliphagen  Vernchlung von sterilem Wasser 70 ¥ 5 2%F2
(Leer- (6 _ (Ty) 5 mun lang (7) :
versudhe) o 7
vi 2 Coliphagen Verncblung von BPL (30%sig) 70F5 , 22F2

(Ty) 5 min lang (= ca. 0,5 mg
Reinwubstanz/l Luft) (11)

Vil 2 Coliphagen Vernchlung von BPL (30%/sig) S0F5 2%5
(T,) 5 min lang (= ca. 0,5 mg .
Reinsubctanz/l Lufe) (u)

legend: 1==Group of experiments; 2-- Numbor of experiments; 3--Test germ;
Lu- Measures taken; 5--Relative ruridity 5; 6--(Empty experiments); 7--Atomi-
zation of sterile water for 5 minutcs; 8-~Atomization of BPL (30,33 for 5 min-
utes (--about 0.4 mg pure substance/l air); 9--Atomization of BPL (30%) for
1 mimte (--about 0,21 mg pure substancefl air); 10--Atomization of BPL (307)
for 15 seconds (--approximately 0.11 mz pure substance/l air); 11=-Atomiza-
tion of BPL (30%) for 5 minutes (--about 0.5 mg pure substance/l air).
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CDAL UL AT DAR
i (1) ,
jgomed N, N, N, N 0N, Q Q@ @ Q@ K K K K
!
Q1 2580 787 549 229 104 29,4 21,3 89 40 00266 00192 00210 00215
i 2270 1063 1072 758 572 46,8 470 334 252 00165 00093 00095 0,092
! 1485 587 344 263 160 395 232 177 10,8 00202 00181 00150  0,0149
1109 569 $86 266 178 51, 520 240 160 00145 00079 00124 00122
7% 361 218 175 183 47,8 385 231 242 00161 00156 00127  0,0095
X 1640 667 553 338 239 43¢ 364 214 160 00188 ° 00140 00141 00135
| 4258 25 16 32 0,58 037 075 0,1116 00692  0,0424
3556 13 12 27 0,38 035 076 0,1218 00762 00424
6219 45 » 3 0,72 053 057 0,1069 00650  0,0247
847 1 2 2 012 024 0,24 0,1464 00751  0,0525
3419 6 9 4 0,17 026 0,12 0,1377 00737  0,0586
: 2 3660 18 14 20 0.39 035 0,49 0,1249 00718 0,044l
COIL. 1957 18 2 1 0,92 010 005 0,1018  0,085¢  0,0658
: 2840 2 2 4 0,07 007 0,14 0,1576 00901  0,0570
- 2436 3 1 4 1,26 004 016 0,0949 0,099 . 0,0558
C: 2205 14 3 5,17 L1310 00043 00556  0,0400
1839 6 15 14 3,42 082 076 00732 00598 00424
2 225 46 9 9 2,17 043 04z 0098¢ 00776 00522
Symbols: N ~~ number of germs(viruses) per liter of air; a,b,c,d,e - first,

C)

respectively, second, third, fourt-, £ifth measurement; Q - survival rate;

K - disintegration rate; x - mezux v»lue.

Legerd:

{==Experimental group.

i +
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TABJ.. [ (contd)

v 5740 1144 15 5 19,93 0,27 0,08 00350 00738 00612
3064 2 -3 6 1,37 0.10 0,19 00932 00859 00542
655 47 12 4 675 2,02 0,57 0,0585  0,0304 00448
3655 L] 1] 59 46 11,3 1,62 1,23 00473  0,0512 10,0080
2820 244 92 13 8,67 3,26 0,6 0,0331 00428 00,0439

2 319 s 3 16 9,6 1,45 0,64 00574 00608 00484

Legend: (1) Experimental group.

Symbols: Neenumber of germs (viruues) por liter of airs a, b, o, d, e== first,
respectively, second,_ third, fourti:, [ifth measuremsnt; Qeesurvival rete; Ke.
disintegration rate; X «- mean valuo,

}
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TESULTS OF STATISTIZ:iL AUALYSIS (tetest)

Verginicne Y
Versudis- Q" Qe Q!d

gruppen n t P S t p Sp p

I— I 3,842 11,0005 <0,001 6,175 58380 <0,001 4,037 51795 <0,001
I—IIT 3,952 103314 <0,001 6,i70 58298 <0,001 4,031 52046 <0,001
I—1v 4231 7,8940 <001 6,201 56361 <0001 4,046 51309 <0,001
I—IIl 0,298 —59973 <0001 02329 —3,3434 005 02324 03012 >0,05
=1V 17374 —53010 <0,001 05875 —1,8713 >005 03201 —0,4686 >0,05
HI=IV 1,697 —43783 <00l 06279 —1,6244 005 0,3498 —0,6289 >0,05
Legend: Groups of experiments coujired. C B
Symbols: Qpy Qps Qd== survival raics in @ of initial value (20 respectively
35 and 50 mirutes after st measurc-ont)
: sp--standard deviation of mean value difference
t -=deviation
P ==probabilily oI ceviation.

2, In the evaluation of thc oxperiments we must keep in mird that
the number of living viruses of an artificial virus aerosol will decrease
even without treatment. In the emniy oxperiment, the average survival rates
for Staph. albus 20, 35, 50, recpoctively, 65 mimutes after the first measure-
ment was 43, 36.4, 21.4, respectively 16:; the rate for Coliphagerswas 35.2,
25.3, 23.0, respectively, 16.1.

3., After atomization of 0.4- rg BPL/1 of room air the survival per-
centages for the staphylococci werc below O. 5%, When the room concentration
" of BPL was about 0,21 mg/l, therec were 2.177 surviving after 20 minutes,
and less than 0.5 after 35 and 50 minutes. The correspording survival rates
at 0.11 mg BPL/1 of air amounted tc 9.6, 1.45, and 0.64%, The probability
(p) that the difference in the mozn values was accidental is always less than
0,001 (Table 3). In this connection we must consider that the time of action
of the agent at the moment of the 2nd measurement is not 20 minutes but 15
mimtes - actually it is less than 15 :inutes -- because the effective cone
‘centration of the disinfectant in e air could not have been achieved at
the start of atomization. It was :i::ossible Vo kill all of the staphylococel
beyond 99.57 with BPL in the concen’-ations used. In this connection we
might point out that the method :sed for determining the concentration of EPL
in room air -~ through conversion I:om the determination of the volume of the
BPL solution sprayed -- undoubtedly involves a by no means inconsiderable
spread of error. Experiments aimed at a contiming photometric concentration
determination for BPL in room air have so fzr not led to any satisfactory re=-
sults for methodological reasons so *hat I did not deem it advisable to
reproduce these results here, :

Lk, If we compare the disinfcction experiments with each other, we do
find a reliable difference ( p = <0.01 respectively<C 0.001) of the survi-
val rates at the time of the 1st measurement after the atomization of BPL,
‘although not during the further measurements.

(" ‘ | .
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RESULTS OF SmA”"“--.i ANALYSIS (tetest)

Verglidene )
Verwc;u- Q. Qe Qu
gruppen N .t p b ‘ p _Sp t p

I—I1 3,842 11,0905 <0,001 6,175 5,380 <0,001 4,037 51795 <0,001
I-IIL 3,952 10,3314 <0001 6.170 58208 <0,001 4,031 52046 <0,001
I-IV 4,231 7,8940 <0001 6,201 56361 <0001 4,046 5,309 <0,00
11—l 0,2968 —$,9973 <0,001 02329 ~—0,3434 >005 02324 03012 >0,05
H=1V §,7374 —5,3010 <0001 03875 ~1,8713 >005 0,3201 —0,4686 >0,05
HE-IV 1697 —43783 <00l 0627y —16244 >005 03498 —06289 >005.
Legend: Groups of experiments comdured. ' '
Symbols: Qp, Qs Qi-- survival raies in > of initial value (20 respectively

,35 and 50 minutes after 1st measura-ent)

sp=-standard ceviatiion of mean value difference
t --deviation
p =-probability oI cdeviation.

2, In the evaluation of tiz experiments we must keep in mind that
the number of living viruses of an zriificial virus aerosol will decrease
even without treatment. In the em»iy experiment, the average survival rates
for Staph. albus 20, 35, 50, recpecsively, 65 minutes after the first measure=
ment was 43, 36.b, 21 o4, respectively 165; the rate for Coliphagerswas 35.2,
25.3, 23.0, respectively, 16.17.

3. After atomization of 0. ry DPL/1 of room air the survival per-
centages for the staphylococeci werc oelow 0. 5:. When the room concentration

" of BPL was about 0.21 mg/l, thers were 2.17% surviving after 20 minutes,

and less than 0.55 after 35 and 50 minutes. The corresponding survival rates
at 0.11 mg BPL/1 of air amounted to 9.6, 1.45, and 0.64%, The probability
(p) that the difference in the moo= v..luc., was accidental is always lass than
0.001 (Table 3)s In this conneciion we rust consider that the time of action
of the agent at the moment of the 2nd measurement is not 20 mimutes but 15
minutes == actually it is less than 15 minutes -=- because the effective con.
centration of the disinfectant in <.in air could not have been achieved at

the start of atomization., It was ‘:rmossible to kill all of the staphylococel
beyond 99.57 with BPL in the corcentrations used. In this connection we
might point out that the method uscd {or determining the concentration of BPL
in room air -=- through conversion rom the determination of the volume of the
BPL solution sprayed ==~ undoubtcil;s involves a by no means inconsiderable
spread of error. Experiments ai.ed at a continuing photometric concentration
determination for BPL in room-air nauve so far not led to any satisfactory re-
sults for methodological reasons so that I did not deem it advisable to
reproduce these results here. , _

L., If we compare the disin’ection experiments with each other, we do

find a reliable difference ( p = < U.C1 respectively<Z 0.001) of the survi-
val rates at the time of the 1st mexsurement after the atomization of BPL,
although not during the further mezsurements.
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~p- - .
aciiaal, *Y

tgp VALUES AS EXPRISSION OF .. -IILLING ZFFECT OF BPL AEROSOL

(1) 45 (2) 3
'g 3 257 te Ctag 3 Ky, Signiﬁkanz‘xredmung fir k—Ky
S8  ZEz (=1k) D ¢ »
11 0,44 . 9,0 3,96 0,111 o,1116
0,4} 8.5 3,66 O, 1176 0.1218
0,45 2.5 4,28 0,iC53 0,i069

0,45 6,75 3.04 0,14%2 C,1464
0,44 7.0 3,08 Cas 01377

® 044 8,15 3,60 0,i233 0,1249

I 0,24 9,75 2,34 0,il20 0,1018

0,23 6.5 1,50 0,153% 90,1576

0,17 10,5 1,79 0,5v52 0,0949

' 0,19 155 2,95 0,0645 C,0643
0,21 13,5 2,84 0,C741 0,0732

X 021 115 2,28 0,083 0,0984

0,0225¢ —0,0177 > 0%

v 015 19,0 285 0626 0,0350

014 11,5 1,61 0,059 0,0932

012 205 2,46  O0048%%  0,0585

0,10 205 205 0,048 00473

. 006 21,5 1,29 00465 0,0531

X 011 18,6 2,05 0,0567 0,0574

.
001240  —0,05645 > 090

legend: 1e-Group of experiments; 2--B°L concentration, mg pure substance/l air;

3==Computation of significance when k - Xy.
Symbols: tgg -= Time in minutes rccuired to kill 907 of the germs (viruses);
Gt90 -= Product of BPL concentration in mg/liter of air and value
for ton:
k == Value fog deca:; raic ootained through conversion from equa-
tion =1/ '
Xp == Disintegrg.tion ratio at time of 2nd measurement, calculated
fron :
fog N, —~log N,
t
The fact that the survival. rziios become increasingly sinilar as the
duration of the action of the agent increases could not very well be an indi-
cation of the greater significance ¢ the time factor for the bactericidal
effect of the BPL 2erosol (apart {rcx the Zact that this development is cerw
tainly dependent on the concentraticn). Instead, this appears to be ex-
plained by the below-threshhold cosing of the disinfectant, especially since
it was impossible to kill all of the viruses 1005 (experimental groups II,
III, and IV). In future experimecnts it will therefore be necessary to increase
the concentration.

5. In experimental groups VI and VII we checked the disinfectant

-9 -
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2.5 e azentfl of air, for an artificial
on uset as model viruses in place of
in Table 2, it was impossible to

-
S

effect of a 3BPL aerosol, contair.
virus aerosol of Coliphazens wiic. ..i. T
pathogenic animal viruses. AS Uz .0t S¢
prove the presence of phages allicr ..o Jirst neasurements following disinfece
tion, when the relative humicdity I the air was 70%. At 507 relative mumi-
dity there were very few viruse: . cn survived, that is, we never had more
than 37 surviving. The dependercec o- the disinfectant effect on the humidity
in the air will have to be subjcci. Lo further detailed study. There will
not be any need for a statistica. n:nlycis in this case and at this point,

(b) verneolung von 8PL
1003~

t90° 17min

,0 o dy D -

~
(2]
~r

Y Gberiebende Keime

ar -

0’ ¥ T Y ‘; .
0 20 35 50 65min
d) nach der . Messung

( a)’ Graphische Ermittiung cines tyg-Wertes

Legend: a-<Graphic determinaticn c.” 2 tgg value; b-- atomization of BPL;
c==:0f surviving viruses; d--alter .'irsi ricasurcment.

6. Ve can also compare the cifectiveness of disinfectant aerosols
if we determine the 90 values (Table L), trat is to say, the time required
to kill 907 of the given viruses. Tne value for tgg according to Phillips
(49), corresponds to the reciprocal wvzlue of the décay rate(%’==.k),. This

can be determined very easily in ~rrohic form (see illustration); we simply
plot the percentage of survival rcics a2-2inst the time in a coordinate sys-
tem on semi~logarithmic paper; in ;ical cases the points plotted will lie
along a straight line whose gracicnt will be equal to k. In general we get
sufficiently precise t90 values if, in adaition to the initial virus count
(survival rate--10035), we also -2kec a further virus number determination afe
ter disinfection. To the extent i the points in the coordinate system
are not located along a straight 172, T proceeded as described in orxder to
determine the values given in Tablc ir. The fact that this does not give us
any major errors is also borne out »y a comparison of the graphically de-

!
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ternined tgg valves through con. . un ol tie decay rates obtained from the
oquation t,, = ... with the dlu'n  ianion raves € computed according to

log N, — log N,

(Table &) wicos. ..:an volue differences are far outside

the rangetof significance (p = ;> $.00)e I we want 1o be able to compare
the relative activities ol various < sinfection aerosols to each other, it
is a good idea to determine ihe lun, values (Ctvo -~ concentration of disine
fecting aerosol in =z per licor o7 :ur ruliiviied by the time in minutzs re-
quired to kill 90> oI %the viruses). The product formed from C and tgg in
this case (writn the exception of a:rerimental proup II) appears to be quite
constant so that we can assume tx.l Lrgre is a direct proportionality be-
tween the concentration and tre ii:s':ieciion effect. It will, however,

take furtner experiments before e c©.n make a final statement on this,

Be The results summarizoes ... Table § shows that the BPL aerosol was
able to kill staphylococci and T+ ihases, adnering to the linoleum platelets,
after 30 minutes while it was able Zo kill Z. coli after 15 mimutes. A simi-
larly successful disinfection wus onorted by Hoffman and associates and by
Dawson and associates with regari o ithe effecet of the BPL aerosol (partly
however involving higher conceniraiiors) on zerm carriers consisting of linen
and paper which had been infected . <h pathogenic staphylococei, Subtilis
spores, VEEL yellow fever, smallpox, usittacosis viruses, respectively, Ricke-
ettsiae.

According to results availavlc to cate it appears that BPL, in aerosol
form, would be a useful agent in Tl decontamination of rooms and perhaps even
of entire buildings == because o 1:5 ;004 antimicfobial effect even at low
temperatures. It is of course not & substitute for ethylene oxide gas which
is known for its good germ-xilling nroperties and penetrability even at low
air humidity and whose applicabil:it:s is found primarily in other areas.

TASIES

DISINFECTING EFFECT CF :PL AEZR0SOL ON SURFACES

Keima min-Einwirkzeit .-
Y1), ‘ 15 (2)30 45 €@ 120
Staph. albus (3) versudh (+) ® ® ® ®
(&) Kontrolle + + + + +
SG 511 ©Versuch (+ ® ] ® - .0
Kontrolle -+ + <+ + -+

E. coli’ Versuch (0)) ()] v} £

Kontrolle + + + +
Coliphagen (T,) Versuch (+) 1) ) ) 1)
Kontrolle + + + + +

f
i

legend: 1=-=Germ species; 2~-Action in minutes; 3-=Experiment; 4--Control.
Symbols: < Heavy growth (bacteria patch (turf) respectively countless
numbers of phare noles); . .
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:}; (1'/ weak growth (a Zeu 250 Iy counted dacteria colonies, respectively,
, pnaze holes);
g) Jlo0 growtn,.

Sir.e =ZrL achieves the Ce rcc o eflectiveness of formaldehyde gas after
aerolizat on -- and since it excoeds L3is fas in many ways -- we might have
Sorme new .oscibilities here for :orz c¢lfective and more convenient room dise
indectior.. A comparison of the ctiXz: nroderiies of formaldehyde with those of
tie 3L «orosol also clearly brirn;s sul the superiority of the latter: the
very annoyin; persistence, the coniensation along surfaces, the polymerization
into Oara.orﬁaldehjde and the recuiz:i long reriod of ventilation after the
anzlication of formaldehyde are cisaive nua~es which we need not anticipate when
we use BFL aerosol. rere it is wery important to note that BPL aerosol does
nev lead to the corrosion of metzls 2:ad, according to past experience, does
not a.tack oviner materials which arz usually found in a room. We might fur-
thermore uenuxon that the agent is nct combustivle in concentrations which
migh” exist under normal atmospheric ,ondiu*ons. Vle do not get a combusible
mixv .re unt¢l ve have 2 vol 7 in tic 2ir., However, the vapor pressure of BPL
is such that, at 30° C, the concentracion in the air along the saturation
boundary is only about 0.6 vol! so t;at there is no danger of fire at all.

In addition this concentration iz ccnsiderably higher than the one required
for cisinfection.

So far we do not have much ianZormation on the toxicity of BPL aerosol.
It becomes oercepulole to the sersc 27 smell at about 0.05 mg/l. A room cone
centration of more than 0.1 mg/l cano: be tolerated by man longer than 5 mine
utes vecause of the irritation to t:> tear ducts. dAanother disadvantage is the
fact that best results with 3PL caxn e achicved only at a relatively high hue-
midizy. 3But this shortcoming can bz somewhat reduced since, in the production
of the BPL aerosol from an aqueous solution, the humidity in the air can also
be increased simultaneously.

€y

It will take many investirations on ihe properties of BPL aerosol before
we can arrive at a final judgement. Acco“clng to past experience, however, we
are Jjustified in hoping that we can Tind a fully equivalent and even better
substitute for formalin in the form of Beta-propiolactone.

Summary . -
{ P !

Thie-te-the first,report,on luvesiizations derling with the disinfec- |
tant action of a Beta-propiolactone :zrosol on artifieial germ aerosols of :
staphylococei and Coliphagens used a. model viruses. 1In addition we—tested
the disinfectant effect of the aeroscl along sut‘aceq, "The  article discusses
the advantages and disadvantages of tae acrolized substance, particularly in
comparison to formalin, as well as ils suitability in room disinfection. -, ;

/\
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